Solubility is an important feature in judging the physical characteristics of milk powder. The term, "solubility" as used herein refers to the ability of desiccated milk when mixed with water to form a solution, suspension or emulsion which will simulate the physical characteristics of natural milk. The solubility of strictly fresh milk powder varies with the process of manufacture, the acidity of the liquid milk dried, and with certain conditions incident to the operation of the particular drying process involved. Another factor however, of equal, if not greater, significance in determining the degree of solubility of milk powder after a given storage period, is the question of moisture content, either that originally contained in the product or that taken up from the atmosphere.
Decreased solubility of milk powder during storage is a type of deterioration common to powders containing fat and to those made from skimmed milk. The resultsof studieson the deterioration of these products clearly indicate that this manifestation of deterioration is a direct result of excessive moisture, which in the great majority of cases has been found to be due to the inadequacy of the container for excluding atmospheric moisture, rather than to excessive moisture in the product at the time of manufacture. In view of the importance of this type of deterioration of milk powder, experimental data have been obtained which shows progressive changes in the solubility of the casein of milk powder as caused by varying percentages of moisture.
EXPERIMENTAL
Since the object of this investigation was to determine the effects of original and absorbed moisture on the solubility of *Received for publication April 6, 1924 39 the proteins, comparisons were made on this constitutent only and not on the basis of the total milk solids. Fresh milk powder made by the Just double roller process was packed in air-tight containers which were so constructed that air could be circulated through the powder at will, or so that the container could be absolutely hermetically sealed as desired. Various samples all from the same original lot of powder were treated as hereinafter described. Analyses were made periodically for moisture, for the total proteins held in suspension after centrifuging, and for the casein suspended in the supernatant liquid. In order to secure uniformity of results throughout the observation period, the total solids in the original liquid m~ll~ were determined and from these data the proper proportions of powder and water were mixed to obtain the same concentration of milk sofids in the remade milk as were originally present in the milk before drying. The powder was mix~ed with water at 65°C. and held for ten minutes with constant stirring, after which a representative sample of 10 cc. was centrifuged for ten minutes at 2000 revolutions per minute on a centrifugal heat 18 cm. in diameter. The total proteins and casein were determined in the supernatant liquid which was easily decanted from the precipitate at the bottom of the tube. Tables 1 and 2 show the results obtained after circulating 1600 ce. of moist air per minute through about 300 grams of powder for a period of sixty minutes per day. The humidity of the circulated air was maintained between 75 
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Total protein in entire sample, 2.95 per cent; total casein in entire sample, 2.43 per cent. and 80 per cent at a temperature of 75 ° to 80°F. During the intervals when the air was not circulated the powder was hermetically sealed.. The protein and casein percentages are recorded on the basis of the original liquid milk. Since it was impossible to make analysis for the total solids in the original liquid milk dried by the spray process, the concentration ratio was determined as near as possible from the dried product. At this point it should be mentioned that the Just process powder was a partial skimmed milk product, whereas, the spray process powder was made from whole milk.
The results given in tables 1 and 2 seem to show conclusively the direct relationship between moisture content and the de-velopment of insolubility of the casein in milk powder during storage. Regardless of the initial solubility of the powder, the rate of moisture absorption and the resulting insolubility are quite parallel in the powders made by the two different processes.
In table 3 is given the analytical results from Just process powder taken from the same batch as the powder used for the preceding determinations. This sample was handled in the same manner as the former samples, with the exception that the circulated air was first dried to a very low humidity. During the first twenty-six days there was a slight but measurable decrease in the solubility of the proteins, but thereafter, and for a period of about five months during which the dried air was continually circulated there was no measurable change in the solubility of the casein. These results are significant in showing that whatever rSle air alone (normal gases of the atmosphere with the exception of water vapor) may play in the deterioration of other constitutents of milk powder, it is not a factor in causing insolubility of the proteins, but that this latter type of deterioration is due entirely to moisture.
The foregoing results were obtained under an artificial air and moisture environment and therefore do not permit of direct interpretation in terms of time and moisture content which bring about the development of a given degree of insolubility under normal conditions. In order to obtain further data on this particular point, the fresh powder taken from the same lot as was used for the previous tests was subjected to a treatment whereby the moisture content of three different samples was brought to a desired point immediately after manufacture. These samples were packed in containers of such a type that the moisture content could be easily controlled within one per cent for an indefinite period. Analyses were made at regular intervals for approximately one year, or until there was an absence of suspended casein after reconstituting and centrifuging as already described. In table 4 is shown the results from powder with moisture content maintained between 2.30 and 3.50 per cent for about one year. Similar figures are shown in table 5 for powder with a moisture content maintained between 4.30 and 5.30 per cent for the same period. Since it was desired to discontinue this work after one year and because the progress of deterioration has been clearly determined by that time the moisture content of these two s~hnples was rapidly raised during the last few days of the observation period, with results which are entirely in harmony with those previously recorded. In table 6 is shown the results from a sample in which the moisture content was maintained as near 5 per cent as was possible. In this sample it was found that the casein had become insoluble in less than one year, and although the moisture content of this sample was not much greater than the sample shown in table 5, there was nevertheless, a marked difference in the solubility of the proteins at the end of any particular period which might be selected for comparison.
The analyses of the material precipitated by centrifuging reconstituted Just process milk powder showed from 93 to 94 per cent of the dry weight to be protein material and the remainder mineral matter. The average ash content of three samples of desiccated milk was found to be 6.846 per cent; 22.64 per cent of the ash was calcium oxide; 29.94 per cent ~as phosphorus pentoxide; and 2.32 per cent was magnesium oxide. The combined amounts of these constituents amounted to 54.90 per cent of the total ash. Analysis of the oven dried percJpitate obtained by centrifuging the same three samples after remixing with water gave an average ash content of 7.653 per cent; 61.67 per cent of the ash was calcium oxide; 33.97 per Cent was phosphorus pentoxide; and 2.65 per cent was magnesium oxide. The combined amounts of these constituents amounted to 98.29 per cent of the total ash in the sample of precipitated material. Although it is not within the scope of this paper to discuss changes in solubility of the salts of m~lk brought about by this method of desiccation, analysis of the precipitated mineral matter show that some of the calcium salts of the original liquid milk are altered so that their precipitation by centrifugal force is easily accomplished. It is probable that the greater part of the precipitated mineral matter is soluble calcium phosphate. These results are in accord with the observations of other investigators who have shown that a precipitation of calcium takes place during the heating and desiccation of milk.
SUMMARY
A review of the data herein shows conclusively that the development of insolubility of proteins of miil~ powder during storage is due to the presence of moisture. There was a complete absence of casein in suspension after centrifuging under definite conditions at the end of seven to eight weeks during which time about 100 liters of moist air (humidity 70 to 75 per cent) were circulated daily. During this period and under the conditions of the test, the water content of the powder increased from under 2 to about 11 per cent.
The absorption of moisture and consequent development of insolubility of the casein was essentially the same in powders made by the Just double cylinder process and the spray process.
Moisture-free air circulated through milk powder at the same rate as the humid air did not cause any change in the solub~ity of the proteins within a period of sk months, and from the results and character of the powder at the end of that time it is believed the proteins would retain their original solubility indefinitely, or as long as moisture was entirely excluded.
The original solubility of the casein of milk powder can be maintained for a year or more if the moisture content is kept below 3 per cent during the storage period. In powder with a moisture content maintained between 4 and 5 per cent there was a greater degree of insolubility throughout a period of one year than in those samples in which the moisture content was maintained at 3 or lower. Samples in which the moisture content was maintained from about 3 to about 5 per cent and in which the solubility had shown but slight change during a period of one year, became almost entirely insoluble within a few days when the moisture content was suddenly raised to 6.5 to 7 per cent. S~mples in which the moisture content was maintained as near 5 per cent as possible throughout a period of one year showed greater insolubility than those samples in which the moisture content was graduany raised from 4 to 5 per cent during the same period.
The material precipitated by centrifugal force from reconstituted Just process milk powder contains approximately 93 per cent protein material and 7 per cent ash. The ash is almost entirely composed of the oxides of calcium, phosphorus and magnesium. From the analysis it appears that insoluble calcium phosphate is the principle constituent of the precipitated mineral matter.
